ABSTRACT Two-dimensional 
that of the two-dimensional echocardiograms. Three additional patients underwent surgery but are not included in the study because surgical exposure of the tricuspid valve was insufficient to permit comparison with the two-dimensional echocardiograms. The 13 remaining patients who were not operated on are presented as a medical group. Preoperative cardiac catheterization was performed in 15 of 25 (60%) of the surgical group and in two of 13 (15%) of the medical group. The two-dimensional echocardiogram was the primary preoperative diagnostic technique in 11 of 38 (29%) patients.
Of the 25 patients in the surgical group (table IA) , there were 14 male and 11 female patients; their ages ranged from 7 days to 71 years (mean 19 years). Associated anomalies included atrial septal defect (23 patients), patent foramen ovale (one patient), pulmonary stenosis (three patients), pulmonary atresia (one patient), and ventricular septal defect (one patient). Seven of the 25 patients (28%) underwent tricuspid valve replacement (five patients) or isolated valve excision (two patients). The remaining 17 patients (68%) underwent plastic repair (i.e., plication of the atrialized portion of the right ventricle, reduction in size of the tricuspid anulus by posterior annuloplasty, and excision of a portion of the right atrium). 10, 11 One remaining patient underwent pulmonary valve replacement, closure of an atrial septal defect, and plication of the right atrium; no tricuspid valve surgery was done. Thus there were 24 patients who had either excision or plastic repair of the tricuspid valve. Additional surgical procedures included closure of an atrial septal defect (23 patients), patent foramen ovale (one patient), or ventricular septal defect (one patient), and correction of other minor anomalies (table 1A) .
The indication for surgery was based on functional disability. All but two patients were in class III or IV (New York Heart Association). Exceptions included one patient with severe cyanosis (patient 23) and one with associated pulmonary atresia (patient 25) . Three patients requiring surgery (Nos. 9, 17, and 20) died after attempted plastic repair. Patient 9 died 1 day postoperatively as a result of uncorrectable low cardiac output. Patient 17 died at surgery after coronary bypass and tricuspid annuloplasty. Patient 20 died suddenly of presumed dysrhythmia 4 months after surgery. All survivors of surgery showed improvement in functional capacity.
The medical group consisted of 13 patients (ages 10 months to 85 years, mean 24 years). All but two were in functional class I or II (table lB).
Echocardiographic examination was performed with a wideangle, phased-array sector scanner (Varian 3000, with a 2.25 or 3.5 MHz transducer) or a mechanical sector scanner (ATL Mark V, with a 3 or 5 MHz transducer). Images were recorded on videotape for real-time and slow-motion playback and our photographs were obtained from stop-action images displayed on a video screen. The examination technique and validation of structures have been previously reported. '9 A complete detailed echocardiographic examination was available for each patient. Short-axis scans were used to assess the right ventricular outflow tract and, to some extent, the posterior tricuspid valve leaflet. However, the most useful view for the assessment of Ebstein's anomaly was the apical four-chamber view (figure 1), which allowed measurement of intracardiac dimensions20 and comparative assessment of chamber dimensions (i.e., atrialized vs functional right ventricle) and of morphologic features (support apparatus and motion) of the septal and anterior tricuspid valve leaflets. Figure 2 shows how we measured various intracardiac dimensions. Tricuspid anulus dimension was measured as the maximum diastolic distance across the right ventricular inlet at the level of the tricuspid valve anulus as identified by echocardiography. Long-axis right ventricular dimension was measured as the distance from the level of the tricuspid anulus to the apex of the right ventricle in diastole. Atrialized right ventricle was measured as the maximum systolic distance from the tricuspid anulus to the leading edge of the tricuspid valve leaflets. Functional right ventricle was measured as the difference in dimension between the right ventricle and the atrialized right ventricle. A ratio of functional right ventricle (RV) to total right ventricular dimension (RV), fRV/RV x 100, was used as an index of anatomic severity. Right atrial dimension was estimated as the maximum systolic distance from the tricuspid anulus to the posterosuperior wall of the right atrium. Displacement of septal tricuspid leaflet was measured in systole as the distance from the tricuspid anulus to the nearest point of septal attachment. For the purpose of comparison, in this large group of patients of various ages and body sizes, values for dimension and distance were indexed to body surface area.
With the above data we undertook three comparison studies, each designed to determine the value of two-dimensional echocardiographic features in the prospective assessment of Ebstein's anomaly.
Surgical/echocardiographic features. We compared the two-dimensional echocardiographic features of Ebstein's anomaly with features described by direct observation at surgery (25 patients anteroposterior dimension greater than two times the aortic dimension) was more often a feature in the surgical group than in the medical group (seven patients vs one patient). Hypoplasia of the septal leaflet and elongation of the anterior leaflet of the tricuspid valve were observed in a similar incidence in both groups. There was a slight but significant difference (p -.054) between the two groups with respect to ratio offunctional to total right ventricular dimension (figure 3). A ratio smaller than 35% was seen in only one of 13 patients (8%) in the medical group and in seven of 24 patients (29%) in the surgical group. There was no significant difference between the two groups with respect to septal leaflet displacement.
Intracardiac chamber sizes (right atrium, right ven-CIRCULATION as a ratio of functional to total right ventricular cavity dimensions of less than 35% (patient 1, 22%; patient 2, 32%; patient 3, 31%; patient 5, 18%; and patient 6, 24%). In the remaining two patients the ratio was 46% and 70%. In the plastic repair group, two of the 17 patients (12%) had a small functional right ventricular cavity (patient 8, 29%; patient 9, 33%). A small but significant difference in this ratio was observed between the two groups (p = .045) (figure 5). There was no significant difference between the two groups with respect to displacement of the septal leaflet ( figure 5) and right atrial, right ventricular, or tricuspid anulus dimensions ( figure 6) .
Index of severity. The purpose of this study was threefold. The first objective was to establish whether the two-dimensional echocardiographic features of Ebstein's anomaly closely agreed with those found at surgery. The second was to attempt to recognize any morphologic features echocardiographically that could be used to distinguish patients needing surgery from those who do not. The third, and most important, was to identify any echocardiographic features that could AIn patient 21, surgeon reported thickened, dysplastic septal leaflet; echocardiography revealed normal size and mobile septal leaflet.
BIn patient 14, surgeon reported no displacement; echocardiography revealed displacement of 9 mM/m2, smallest displacement in series.
Cln patients 12 and 23, surgeon reported normal size; echocardiography revealed larger than normal anterior leaflet.
indicate the necessity of valve replacement over plastic repair in the patient with Ebstein's anomaly who needs surgery.
In the 25 patients who underwent two-dimensional echocardiographic and surgical examinations, major structural and morphologic features, such as tricuspid tethering, mobility, leaflet size, and chamber dimensions, agreed with the surgeon's description. When the medical (13 patients) and surgical (24 patients) groups were analyzed, the most important difference was functional class, with all but two surgical group patients in class III or IV and all but two medical group patients in class I or II. Although seen almost exclusively in the surgical group, small functional right ventricle, huge right atrium, absent septal leaflet, dis- Patients who required valve replacement, however, were characterized by having more severe and more numerous structural and functional abnormalities. Tethering and immobility of the anterior tricuspid leaflet and a small functional right ventricular cavity were the best indicators of patients who required valve excision. To apply these observations to individual patients, we devised a simple system to assign relative weights to these observations (figure 7, index No.). With this index of relative severity, patients requiring valve excision were distinguished from the medical group and the plastic-repair surgical group. An index number of 5 or more in this study was highly indicative of the need for valve excision (figure 7, right). A number above 2 was highly indicative of a patient needing surgery. Twenty-one patients with index numbers of less than 2 were found in both the plastic repair group (nine patients) and the medical group (12 patients).
Discussion
Surgical treatment for Ebstein's anomaly has followed two parallel paths, tricuspid valve replacement6' 8-10, 22 and various types of plastic reconstruction.7' , 10, 11, 23, 24fHowever, early and late postoperative mortality has been high. '8 10, 25, 26 In the past few years a new plastic reconstruction of the tricuspid valve, which has been characterized by good hemodynamic topsy. In this study we observed excellent agreement with respect to extent of valve displacement, relative size of the chambers, tethering and immobilization of leaflets, and associated anomalies. We found that the two-dimensional echocardiographic morphologic features of the anterior tricuspid leaflet and the size of the functional right ventricle were the most -informative observations; they correlated closely with the opera- 22 have suggested that the atrialized right ventricle results more from the hemodynamic disturbance than from the association of a small functional right ventricle. Nevertheless, with an occasional exception, a small right ventricular cavity is strongly associated with the necessity for surgical intervention and valve excision. The limitations of the two-dimensional echocardiographic technique were our inability to adequately characterize the posterior leaflet and to identify fenestrations or perforations2' 5 of the anterior leaflet. In our experience, morphologic abnormalities of the posterior leaflet appear to show a transition of morphologic changes similar to those of the septal and anterior leaflets. More recently, we have found that apical right ventricular long-axis views and parasternal short-axis views have permitted better characterization of the posterior leaflet. As previously reported from this institution,1' perforations and fenestrations cause few surgical problems and are usually easily repaired at surgery. Because Ebstein's anomaly has various morphologic abnormalities, one particular feature does not always indicate the necessity for or the type of surgical intervention. As we have shown, some features have a strong association with the indication for the surgical intervention and with the necessity for tricuspid valve excision, but individually they do not adequately separate the medical, surgical, and valve-excision groups. Therefore an index of anatomic severity based on an arbitrary system of values (figure 7) was devised to better distinguish these patients. The premise of the index is that patients needing surgery have more morphologic indicators of severity and the valve-excision group would be the most severely affected. However, clinical status remained the prime determinant of the need for surgery. Although patients needing surgery tended to have a higher index number, the separation of patients in the medical and surgical groups was not always possible on the basis of indexed morphologic features. The index of anatomic severity, however, was an excellent indicator of the patient subgroups which would likely require valve excision. As determined in this study, a two-dimensional echocardiographic index of more than 5 is a very strong indicator that a particular patient, if subjected to surgery, will require valve excision. This preoperative knowledge will aid in prognostic counseling and may alter clinical indications for surgery.
In conclusion, two-dimensional echocardiography allows excellent preoperative assessment of morphologic features of Ebstein's anomaly. These observations can be used to measure morphologic severity and, when indexed, can accurately determine which patient is likely to require valve excision. This noninvasive technique is the procedure of choice at our institution for the diagnosis and preoperative assessment of patients with Ebstein's anomaly.
